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Front-end electronics for the FAZIA experiment A : FAZIA is a multidetector specifically designed to optimize A and Z reaction product identification in heavy-ion collision experiments. This multidetector is modular and based on three-layer telescopes made of two silicon detectors followed by a thick (10 cm) CsI(Tl) scintillator read-out by a photodiode. Its electronics is fully digital. The goal to push at maximum identification capability while preserving excellent energy resolution, can be achieved by using pulse-shape analysis techniques and by making an intensive use of high-speed flash ADCs. This paper presents the front-end part of the electronics.
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Introduction
The multidetector FAZIA is aimed at detecting and identifying particles and fragments produced in heavy-ion reactions at low and intermediate energies. The final detection array will cover a sizeable portion of the solid angle with three-layer telescopes (Si + Si + CsI(Tl)). The goal consists in obtaining unit identification for charges up to Z = 70 and masses up to A = 50 [1] . This goal will be achieved using dedicated developed detectors and using electronics with novel pulse-shape analysis techniques [2] based on high speed analog-to-digital converters with rates up to 250 Ms/s and 14 bits resolution. The whole electronics will be embedded in the proximity of the telescopes inside the vacuum chamber. Figure 1 shows a configuration of the FAZIA demonstrator for which the front end electronics is dedicated.
System architecture
General
The multidetector is organised into three hierarchical levels: i) the regional level consisting of the DAQ system controlling the whole detector, ii) the block level consisting of the block which is a system embedding the front-end electronics and 16 telescopes, iii) the front-end level which is the Front-end electronic card managing two telescopes. 
Regional level
At the top of the tree and located outside of the vacuum chamber, the "regional level" is tightly connected to the DAQ. It has a complete view of the whole multidetector in real time and has two important roles: 1) gather requests from telescopes, make and dispatch global trigger decisions; 2) collect acquisition data, build events and upload the data to the DAQ system.
Block level
The second level of the system corresponds to the basic building block of FAZIA from a geometrical point of view. The block is presented on figure 2 . It consists of a total of 16 telescopes. The blocks located in the vacuum chamber communicate with the regional level through a high speed optical fiber. Each block is supported by a copper plate which also allows for cooling. Each block features three internal cards for the I/O operations and for the control of the eight FEE cards. These three latter cards and the block mechanics have been built by the italian side of the FAZIA collaboration [3] . The EMC (electromagnetic compatibility) guidelines have been applied by IPN Orsay to review and modify the shield structure. One block includes:
• The back side: a block card for digital control and two cards for power-supply. As these power-supply cards are very noisy, they are sealed under a metallic enclosure. These three cards have been designed by INFN in Naples.
• The middle of the block: 8 front-end cards, each one managing two triple telescopes. These cards are going to be described further in this paper and have been designed by IPN Orsay.
• The front side which is a set of 16 telescopes. Each telescope is composed of three layers: 300-500 µm Si (Si1 and Si2 with an active area of 20 × 20 mm 2 ) -10 cm CsI(Tl) scintillator read-out by a photodiode. Each detector is directly connected to the input connectors of the front-end card presented below. As the card manages two telescopes, six input connectors are embedded on this card.
3 The front-end card 3.1 Synopsis of the card Each front-end card manages two telescopes with a total of 6 channels: 4 silicon detectors and 2 photodiodes. When staring at this synopsys (figure 3), we observe two VIRTEX-5 XILINX FPGA chips and their respective memories. We also observe two similar groups of three charge preamplifiers, analog chains and analog-to-digital converters (ADC). As the card manages two telescopes, each FPGA, each group of three preamplifiers, each group of analog chains and each group of analog-to-digital converters are dedicated to one telescope.
Another feature concerns a unique clock distributor block whose purpose is to generate 100 MHz and 250 MHz frequencies from an external clock at 25 MHz. The 100 MHz frequency is useful to clock high speed ADC for charge signal waveforms and both FPGA devices. The 250 MHz frequency is used to clock high speed ADC for current signal waveforms and the ADC for 250 MeV charge waveforms.
The low-voltage power-supply block includes 4 switching regulators and more than 20 linear regulators.
Other features are available on these cards. Four high voltage devices for silicon detector biasing, one pulse generator and a multi-function controller are also embedded. These features will be deeply described further in this section.
High voltage devices
Four high voltage devices are embedded on the board; high voltages are generated from a common 48 V input. Their architecture is based on a switching regulator and a transformer. Their purpose is to bias the silicon detectors of the two telescopes. The HV device for Si1 of the telescope can ramp up to 300 V with a precision of 0.1 V. The HV device for Si2 can ramp up to 500 V with the same precision. The HV functions and values are remotely controlled. Inside each HV device, an additional circuitry built on a micro-controller and a 16-bit ADC has been added in order to measure the reverse current of a silicon detector flowing through a 10 MΩ charge resistor. When this reverse current increases, the HV device automatically increases its voltage output to compensate the potential difference and to maintain the biasing voltage of the silicon detector at constant value. The precision of the current measurement is about 30 nA. For the next generation of cards, this precision will be increased thanks to a more robust dielectric to integrate inside the PCB. Moreover, this additional circuitry can indirectly measure the output voltage for each HV device.
The developed HV device represents a new and original solution, within the nuclear physics community, as it is integrated into one single electronic card operating under vacuum.
Pulse generator for analog chains
A pulse generator has been built on the front-end card in order to obtain the preamplifier response. This response allows testing the preamplifiers themselves and their analog channels; it is also useful to verify possible amplification changes during data taking in experiments. Furthermore, this response allows controlling the linearity of the amplification chain and calculating the conversion between MeV and volt. Different settings are available. The operator can change the amplitude, the frequency, and the duty cycle of the pulse generator.
PIC micro-controller
8-bit micro-controller on the card executes a number of functions. It is capable to receive and execute commands coming from outside through a serial slow-control link. For the high voltage devices, it sets the output high voltage value and reads, by means of a specific ADC, current measurements flowing through the detector. It is capable to take automatically some decisions in order to regulate the output voltage, depending on the current value. This controller regulates the characteristics of the pulse generator signal such as the amplitude, the frequency and the duty cycle. It can write and read by SPI link the FPGA registers designed in VHDL. The PIC micro-controller also gets temperature values coming from embedded sensors located in several critical positions on the cards. Finally, it can also drive the JTAG chain to remotely program the FPGA memory. However this function has not been implemented yet.
Preamplifiers
On the card, six charge preamplifiers are embedded. Their architecture is based on a folded cascode amplifier. A circuitry added at their output stage is aimed at tuning the output offset voltage. This function allows one to set the analog chain base line at the bottom level of the ADC input range.
Analog chains and data processing
Each telescope includes a total of 3 preamplifiers (one per detector) connected to a total of 6 data channels as shown on figure 4. The preamplifier output dynamic range is 8 V for a total energy of 4 GeV, providing a sensitivity of 2 mV/MeV for both Si1 and Si2. Three channels come from Si1. In the first channel, the output of Si1 is amplified by 16 and this signal is processed by a 250 Mbit/s ADC 14 bit for the high gain/speed line. This channel properly manages the lightest products of nuclear reactions depositing a rather small amount of energy. Moreover, thanks to the fast and precise ADC, it allows for good timing and energy measurements.
The second channel corresponds to the high energy range of Si1. This energy range is 4 GeV full scale at 100 Mbit/s 14 bits, which is sufficient to accommodate the energy released by the heaviest and more energetic fragments of reactions. This channel also issues the trigger request signal.
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The third channel processes the current generated by Si1 when hit by a charged particle. The current signal is obtained from an analog charge preamplifier output derivation based on a differential operational amplifier and it is sampled at 250 Ms/s and 14 bits. This channel offers the most important feature of the FAZIA detector. Indeed, the current signal represents an accurate image of the charge collection process within the detector and allows for obtaining the best identification performances via pulse-shape analysis for ions stopping in the first stage of the telescope [4, 5] .
The Si2 output is split in two channels. The first one is the high-range energy line, equal to the corresponding one for Si1. The second is the current channel designed similarly to the Si1 case.
The last channel processes the scintillation pulses produced in the CsI(Tl) and read by a photodiode. The energy range is 500 MeV full scale (Si-equivalent) at 100 Mbit/s 14 bits. A special online data processing for particle identification is performed, based on the analysis of the slow / fast components of the light emission of the CsI(Tl) crystal.
Digital processing
Each front-end card embeds two FPGA devices, one for each telescope. Each FPGA can read out the six high speed analog-to-digital converters. It can compute the high resolution energy through digital filtering. It can also generate local triggers, data packing and transmission to the acquisition system at a speed of 400 Mbits/s. The picture of a card is displayed on figure 5 . The area of this card (299×88 mm 2 ) is subdivided into three parts. The first one starting from the left side embeds all the low-noise analog electronics. At the opposite side (right part), the FEE hosts the switching power-supplies which are noisy and thus are designed far from the analog stages. In the middle part, FPGA components, converters and frequency synthesizers are mounted. The printed circuit board is a 16-layer one on which 1700 components are only located on the top surface.
Overview
The power consumption of a card is about 29 W. The heat dissipation of this power is done by a copper plate pressed on the FPGA upper side. This copper plate is linked to the main shelf of the card. The main shelf is finally mounted on the main cooled copper plate of the block (see 2.3). This copper plate made by INFN in Naples has internal pipes for cooled liquid flow.
Experimental results
In December 2014, a test experiment was carried out at the LNS of Catania (Italy), using a complete FAZIA block. Thus 8 front-end cards have been fully tested in beam. We obtained small noise measurements for the different channels. For instance, the noise of the first silicon low range channel was about 1.8 mV. As a matter of fact, the overall behaviour was satisfactory and we could identify the different detected isotopes (see figure 6 ). 
Conclusion
The commissioning run of FAZIA has demonstrated the capability to integrate inside a vacuum chamber all the electronics required for silicon detectors and scintillators read-out by photodiodes. This very innovative and challenging electronics includes preamplifiers, analog chains, high speed converters, read-out logic, generated and regulated high voltage devices and pulse generator for analog chains. Good results have been obtained. The next FAZIA programme foresees the production of 64 updated FEE cards in order to build the complete 12-block demonstrator in 2016. Moreover, the commissioning run has proved the feasibility of some electronic features such as the HV device architecture. It has also proved that it is possible to integrate, on the same multi-layer card, some noisy power-supplies (such as switching regulators) with sensitive low-noise preamplifiers whose power-supply rejection ratio is not high. This integration has been made by applying strict EMC and PCB design guidelines.
